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THREE KEY QUESTIONS

I suggest that the following key questions, in the indicated order
of priority, are a basic guide to successful bioremediation:

1.   Is the chemical degradable?

2.   Is the environment habitable?

3.   What is the rate-limiting factor and can it be modified?

Is the Chemical Biodegradable?

The first question is whether the chemical is biodegradable, be-
cause bioremediation cannot be accomplished if no organism exists
that can degrade the chemical. Biodegradability must be established
if it is not already well documented in the literature. Subquestions
are whether the chemical is a growth substrate, for the reasons dis-
cussed above, and whether the biodegrading organism exists at the
site.

A focus on the biodegradability of the pollutant is also important
because it suggests the time until application and the research needed
for application, as shown in Figure 1. In the figure, biodegradability
is indicated by the frequency of the biodegrading populations within
the total soil community. The higher frequency implies several ben-
efits to bioremediation, including greater diversity among the popu-
lations of degraders, less chance of encountering patches devoid of
organisms, and a rather global distribution of this biodegradative
property at most sites, which allows extrapolation of information among
sites. If organisms are widespread, they cannot be limiting to bio-
degradation. Hence, environmental factors are then the focus for
ensuring or enhancing bioremediation.

The time until field application of a bioremediation technology
can also be predicted by the biodegradability scale of Figure 1. When
natural degrading organisms are widespread, application is more
immediate because conditions may be met naturally or, if not, tech-
nology exists for removing some of the environmental limitations.
However, when organisms do not exist or are rare, the time until
application is more distant because successful addition or distribu-
tion of organisms is difficult to achieve, especially in the subsurface
(Harvey et al., 1989). It is even more difficult to genetically engineer
a new catalytic property; this approach is far from any practical ap-
plication to bioremediation.